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Aim/Background: With respect to the immunosuppressive treatment of older kidney graft recipi-
ents no unique recommendations are available or generally accepted. At our centre we developed
a renal sparing regimen which combined the highly efficacious intra-operative single high-dose in-
duction using ATG-Fresenius (9 mg/kg body weight) with a low cyclosporine trough level through-
out the first post-operative week (median: 162 ng/ml; n=518 recipients). The results of a retrospec-
tive analysis comparing the long-term outcomes in older and in younger recipients showed the ef-
ficacy and safety of this treatment protocol.
Material/Methods: In order to stronger underline the age difference, two clearly defined different
patient cohorts were analysed: cohort 1: n=40 recipients ≥ 60 years; cohort 2: n=205 recipients
aged  between 20 to 40 years. All patients received the same basic immunosuppression consisting
of CsA, azathioprine and steroids and an intra-operative single high dose ATG-F.There were no sys-
tematic differences in donor characteristics with respect to age, sex, cold ischemia time and HLA-
mismatches. The recipients’ characteristics were also comparable except for age (mean 63±2.7 vs
31.6±5.3 years).
Results: The patient survival (censored at 120 months) was significantly longer in younger than in
older recipients (mean: 109.6 vs 87.4 months; 95% confidence interval: 105.4-113.8 vs 72.2-102.6
months; p<0.001), long-term death censored graft survival did not reach statistical significance
(p=0.067). The incidence of death censored graft loss within 10 years was lower in the older recipi-
ents (4/40 vs 56/205, p=0.02), but a higher proportion of death with functioning graft (11/40 vs
11/205) was noted.The rates of biopsy confirmed rejections of any type were comparable (10/40 vs
69/205), just as were the rates of malignancies (0/40 vs 1/205), PTLD (0/40 vs 1/205), CMV diseases
(9/40 vs 40/205) and viral pneumonias (2/40 vs 2/205). Bacterial pneumonias were more frequent
in older recipients (3/40 vs 2/205, p=0.008). Using the same initial cyclosporine dose in both cohorts
a higher blood trough level was observed in the older cohort (median: 211 vs 141 ng/ml, p=0.001)
during the first post-operative week indicating that older recipients may need initial lower cy-
closporine doses than younger recipients in order to achieve comparable target levels.
Conclusions: In older kidney graft recipients with age 60 and above receiving the intra-operative
single high-dose induction with ATG combined with a basic triple-drug immunosuppression, sur-
vival and a safety profile comparable to the younger recipients has been observed. Therefore, this
type of induction can be recommended.
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intra-operative high-dose induction, cyclosporine
Effizienz und Sicherheit der intraoperativen Hochdosisinduktion mit ATG-Fresenius bei 
älteren Empfängern von Nierentransplantaten
Zielsetzung/Hintergrund: Für die immunsuppressive Behandlung älterer Nierentransplant-Emp-
fänger gibt es bislang keine allgemein akzeptierten Behandlungsprotokolle. In unserem Zentrum
wurde eine Transplantat-schützende Therapie entwickelt, die die intraoperative Hochdosisindukti-
on mit ATG-Fresenius (9 mg/kg)  mit einem niedrigen Cyclosporin- Talspiegel  während der ersten
postoperativen Woche (Median: 162 ng/ml; n=518 Rezipienten) kombiniert. Die retrospektive Ana-
lyse der Langzeitergebnisse belegt, dass sowohl Effizienz als auch Sicherheit dieses Protokolls bei
älteren und jüngeren Transplantatempfängern vergleichbar sind.
Patientengut und Methoden: Um eindeutig unterschiedliche Altersgruppen zu haben, wurden
nur folgende zwei Patientenkohorten analysiert: Kohorte 1: n=40 Rezipienten ≥ 60 Jahre; Kohorte
2: n=205 Rezipienten zwischen 20 und 40 Jahren. Alle Patienten erhielten eine Dreifachtherapie mit
Cyclosporin, Azathioprin und Steroiden sowie eine intraoperative singuläre hochdosierte (9 mg/kg)
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Abbrevations
ATG-F ATG-Fresenius 
CIT cold ischemia time 
CMV cytomegalovirus
CNI calcineurin inhibitor
DGF delayed graft function
CsA cyclosporine A 
DRA donor reactive antibodies 
ESRD end-stage renal disease
ESP European Senior Program 
ETKAS Eurotransplant Kidney Allocation Sys-
tem
HDI high-dose induction
HLA human leukocyte antigen 
MMF mycophenolate mofetil 
MP methylprednisolone
PCKD polycystic kidney disease








With respect to the immunosuppressive treat-
ment of older kidney graft recipients who have
an increased risk of morbidity and mortality no
unique recommendations are available or gen-
erally accepted.
Most authors used a standard triple drug ther-
apy consisting of cyclosporine A (CsA) or
tacrolimus, azathioprine or MMF and steroids
[1-7]. Wolters et al. [8] treated112 ESP patients
with an initial low dose of calcineurin inhibitors
(FK 506/CsA), Bodingbauer et al. [9] used a cal-
cineurin inhibitor-free induction protocol only
shortly post-transplant for 5 to 8 days, whereas
Arbogast et al. [10] and Guba et al. [11] investi-
gated a calcineurin inhibitor-free therapeutic
regimen. Whilst Voiculescu et al. [2] and Beck-
urts et al. [3] did not use antibody induction,
others included an induction with either nor-
mal-dose Thymoglobulin [1, 6-8] or low-dose
Thymoglobulin [12 - 14], with the IL-2 receptor
blocker basiliximab [1, 5-9,13,14] or with a
combination of low single dose ATG-Fresenius
(ATG-F) and basiliximab  [10, 11] into the im-
munosuppressive protocols.
More than 20 years ago we introduced a new
approach to improve long-term kidney graft
survival by combining the standard triple drug
therapy (TDT) with an intra-operative single
high-dose of ATG-F. Because of the intrinsic
nephrotoxic effect of CsA the initial trough le-
vel was targeted to be relatively low in the first
post-transplant week [15, 16]. According to the
evidence obtained from the analysis of routine
flow-chart documentation of 778 consecutive
renal transplantations performed over a period
of about 12 years the intra-operative single
high-dose ATG-F antibody induction appeared
to significantly improve patient survival and to
reduce the risk of graft failure and transplant
Induktion mit ATG-Fresenius. Zwischen beiden Kohorten gab es keine Unterschiede der Spender in
Bezug auf Alter, Geschlecht, kalte Ischämiezeit und HLA-Mismatches. Auch die Empfänger beider
Kohorten unterschieden sich nicht bis auf ihr Alter (63±2.7 vs 31.6±5.3 Jahre).
Ergebnisse: Das Langzeitüberleben der Patienten (Zensierung bei 120 Monaten) war bei den jün-
geren Patienten signifikant besser als bei den älteren (Mittelwerte: 109.6 versus 87.4 Monate; 95%
Vertrauensintervall: 105.4-113.8 vs 72.2-102.6 Monate; p<0.001), das langzeitige Transplantatüber-
leben unterschied sich hingegen nicht signifikant (p=0.067). Der Transplantatverlust innerhalb von
10 Jahren war bei den älteren Rezipienten niedriger als bei den jüngeren (4/40 vs 56/205, p=0.02),
allerdings war ein höherer Anteil von Todesfällen mit funktionierendem Transplantat zu verzeich-
nen (11/40 vs 11/205). Der Anteil bioptisch gesicherter Rejektionskrisen war vergleichbar hoch
(10/40 vs 69/205), ebenso die Häufigkeiten von Malignomen (0/40 vs 1/205), PTLD (0/40 vs 1/205),
CMV-Erkrankungen (9/40 vs 40/205) and viralen Pneumonien (2/40 vs 2/205). Lediglich bakterielle
Pneumonien  wurden häufiger bei den älteren Patienten gesehen (3/40 vs 2/205, p=0.008). Bei glei-
cher initialer Cyclosporindosierung  war der Talspiegel innerhalb der ersten postoperativen Woche
bei den älteren Rezipienten signifikant höher als bei den jüngeren  (Median: 211 vs 141 ng/ml,
p=0,001), was eine initial niedrigere Cyclosporindosierung ratsam erscheinen lässt, um vergleichba-
re Blutspiegel zu erhalten.
Schlussfolgerungen: Bei Transplantatempfängern im Alter von 60 Jahren und darüber führt die in-
traoperative singuläre hochdosierte Induktion mit ATG-F in Kombination mit einer Standardim-
munsuppression, bestehend aus Cyclosporin, Azathioprin and Steroiden, hinsichtlich Transplantat-
überleben und Sicherheitsprofil zu vergleichbaren Ergebnissen wie bei jüngeren Rezipienten und
kann deshalb empfohlen werden.
Schlüsselwörter: Nierentransplantation, Immunsuppression, ältere Transplantatempfänger, Indukti-
on, ATG-Fresenius, intraoperative Hochdosisinduktion, Cyclosporin A
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rejections [17]. This report evaluates the long-
term efficacy and safety of this protocol in old-




A total of 245 recipients (female: 85, male: 160)
who underwent a kidney transplantation be-
tween February 1990 and September 1998 and
who were treated with the same immunosup-
pressive regimen were included in this retro-
spective analysis.The collection of patient data
was completed in March 2004.These recipients
belonged exclusively to the following two age
groups: 1st: n=40, 60 years and above (mean
age ± SD: 63.0±2.7 yrs, maximum 70.5 yrs) and
2nd: n=205, 20-40 years (mean age ± SD:
31.6±5.3 yrs). In order to analyse the differ-
ences due to age, two clear age groups were
defined, thus excluding young patients (<20)
and patients between >40-<60 yrs. As shown in
Table 1, except for age at transplantation, there
were no other major differences of the recipi-
ents’ characteristics between both cohorts (al-
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HLA match, mean±SD 1.9 ± 1.3 2.1 ± 1.3 0.375











Observation time, months 65.0 ± 44.9 79.6 ± 45.1 0.067
Donor characteristics
Age, years (mean±SD) 39.3 ± 15.3 38.5 ± 15.0 0.869





































ERSD, end-stage renal disease; PCKD, polycystic kidney disease; PRA, panel reactive antibodies; HLA, human leukocy-
te antigen; CMV, cytomegalovirus
TABLE 1:
Recipient and donor char-
acteristics
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location system: ETKAS). Furthermore, donor
characteristics did not differ significantly. Writ-
ten informed consent was obtained from all
patients regarding the scientific evaluation of
their data.
Immunosuppression
Basic immunosuppression for all recipients
consisted of CsA, steroids and azathioprine. As
previously published [17], ATG-F (9 mg/kg
body weight) was diluted in 250 ml physiolo-
gical sodium chloride solution and was given
intravenously via a central venous catheter
(duration of infusion ~60 min). About 30 min
to 1 hour prior to ATG-F, 500 mg methylpred-
nisolone (MP) were given to all patients to re-
duce cytokine release. Postoperatively, all re-
cipients received 40 mg prednisolone for 7
days, followed by 35 mg/day prednisolone for
14 days, then taper to 10-15 mg/day mainte-
nance dose. CsA orally started within 24 hours
of surgery. During the first postoperative week
a CsA trough level of 100 ng/ml and thereafter
of 200 ng/ml were targeted. Daily dose of aza-
thioprine was 1 mg/kg.
Rejection Treatment
The initial treatment of all clinically suspected
rejections consisted of 5 mg/kg MP for 5 con-
secutive days. ATG-F 3 mg/kg for 8-10 days was
used for treatment of biopsy proven MP-resist-
ant rejections. OKT3 (10 days, 2.5 mg/d, Cilag,
Sulzbach, Germany) was given as rescue thera-
py or even primarily in cases of  biopsy proven
vascular rejection or in presence of donor-reac-
tive lymphocytotoxic antibodies (DRA) of the
immunoglobulin-class G (using cryopreserved
donor spleen lymphocytes as target cells [18]).
DRA positive patients were treated with 3 to 5
plasmaphereses sessions on alternate days.
Infections
Infections were classified as either major or mi-
nor. Major infections included pneumonias by
different pathogens, invasive fungal infections,
sepsis and serious cytomegalovirus (CMV) dis-
ease. CMV infections were diagnosed only by
the occurrence of CMV-IgM-antibodies. CMV
diseases were characterized by clinical symp-
toms and the detection of CMV-IgM-antibod-
ies or CMV-antigen pp65. Prophylaxis with
CMV-IgG in high concentration containing hu-
man γ-globulins (Cytotect®, Biotest, Dreieich,
Germany) was done only in the CMV-IgG-com-
bination donor+/recipient-. The therapy was
started at the first detection of pp65 (pre-emp-
tive therapy) or immediately after the occur-
rence of first symptoms like leukocytopenia
(early therapy). Most patients received dual
therapy using Cytotect® (1 or 2 times 2ml/kg)
and IV gancyclovir until disappearance of
pp65.
Statistical Analyses
To analyze the time period between renal
transplantation and patient death and graft
failure with regard to differences between the
two age groups Kaplan-Meier survival analyses
were performed.To compare the 10 yrs patient
and graft survival between the two age co-
horts both mean and 95% confidence intervals
were determined. Graft survival time was com-
puted by counting patients deceased with a
functioning graft as censored cases. Crude
event rates were compared 10 years after
transplantation using c2 tests. All p-values pre-
sented in this report are two-sided. For a formal
statement of descriptive statistical significance
a nominal type I error level of α=0.05 (two-
sided) was assumed.
Results
Graft and Patient Survival
The 10 yrs graft survival time did not differ sig-
nificantly between both cohorts although the
crude graft loss rate within 10 years was lower
in the older recipients (10% vs 27.3%, p=0.02)
as shown in Table 2. On the other hand,
younger recipients had a significantly longer
10-yr patient survival (by an average of 22.2
months; p<0.001) and a lower crude mortality
rate (rate difference: 20.3%; p=0,001) than old-
er patients. Furthermore, the percentage of pa-
tients who deceased with a functioning graft
was significantly higher in the older group
(27.5% vs. 5.4%; p=0.001).
The patient survival and graft survival graphs
are presented in fig. 1 and fig. 2 (Kaplan-Meier
analysis).
Complications
All important complications after transplanta-
tion are presented in table 3. In the younger co-
hort significantly more clinically suspected re-
jections were treated, whereas the rates of
biopsy confirmed rejections of any type were
comparable between both cohorts. No steroid
resistant, humoral/vascular or mixed type re-
jections were observed in the older recipients.
With respect to infections there were more
bacterial pneumonias in the older population.
The numbers of CMV infections (i. e., CMV-IgM
seroconversions) was relatively high in both
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Graft survival, at 10 yrs







Patient survival, at 10yrs







Total deaths at 10 yrs,
no. (%)
13 (32.5%) 25 (12.2%) 0.001
Death with function 11 (27.5%)* 11 (5.4%) <0.001
Total graft loss, no. (%) 4 (10.0%) 56 (27.3%) 0.020
# Patients deceased with a functioning graft were censored.
* Causes of death (for the 55.5% of patients in which the cause of death was known) were infections in 36.4% and car-




10-year patient survival (Kaplan-Meier analysis)
FIGURE 2:
10-year kidney graft survival (Kaplan-Meier analysis;
patients deceased with a functioning graft were cen-
sored at time of death)
3-2011.qxd  05.01.2012  10:51  Seite 219
220 Transplantationsmedizin2011, 23. Jahrgang
J. Kaden, G. May, A. Völp, C. Wesslau
Efficacy and Safety of the Intra-operative High-dose Induction with ATG-Fresenius 
cohorts. The incidence of CMV disease did not
differ between both cohorts. Malignancies/
PTLD occurred seldom, and none in the older
cohort and only two cases in the younger co-
hort.
Cyclosporine trough Levels
During the first postoperative week a CsA
trough level of 100 ng/ml and thereafter of
200 ng/ml was targeted. As shown in Table 4,
in spite of the same initial CsA dose the CsA
trough level in older patients was in the first
post-transplant week significantly higher than
in younger recipients (211 vs 141 ng/ml,
p=0.001). Only after a strong reduction of the
daily CsA dose in the older recipients (from av-
erage 426 to 345 mg/day) comparable CsA le-
vels were measured in the third post-operative
week.
Discussion
These data show the efficacy and safety of the
intra-operative high-dose induction with ATG-
Fresenius in older kidney graft recipients as
compared to younger patients. The 10 yrs
death censored graft survival did not differ sig-
nificantly between both cohorts. The graft loss
within 10 years was lower in the older recipi-
ents but there was a higher portion of death
with function in this cohort. The long-term pa-
tient survival (censored at 120 months) was
significantly better in younger recipients than
in older recipients as expected. With respect to
the published studies with an initial low dose
of CNIs  [8] or CNI-free induction protocols [9-
11], Wolters et al. [8] reported 65.2% of func-
tioning grafts after 5 yrs in older patients. Bo-
dingbauer et al. [9] described an overall graft
survival rate at 6 yrs of 56% in the ETKAS group
(Eurotransplant Kidney Allocation System) and
of 52% in the ESP group (European Senior Pro-
gram). Laftavi et al. [12] compared outcomes in
45 older recipients (>65 yrs) and 45 concur-
rently transplanted younger patients (<65 yrs).
The treatment protocol included a CNI, MMF,
low-dose prednisolone and a low-dose Thy-
moglobulin for induction. The 5 yrs death-cen-
sored graft survival was 88% vs 87% and un-
censored graft survival of 79% vs 71% in
younger and older recipients respectively. Mar-
tinez et al. [14]  observed that an induction
with low dose of Thymoglobulin (2 x 1.25
mg/kg on alternate days) in an ‘old-to-old’
transplantation showed better prevention of
DGF and acute rejections than with basiliximab
induction, but no differences in graft and pa-
tient survival were observed. Patel et al. [13]
compared the outcome of 45 patients >60 yrs
to that of 256 patients aged 18-59 yrs, who re-
ceived an induction with 3-7 doses of Thy-
moglobulin (first dose intra- or preoperatively)
and a triple drug maintenance therapy.Though
the actuarial graft survival was similar, patient
survival at three yrs was lower in the older
group (80% vs 95%, p=0.02). Notably, recipients
>60 yrs who received a cumulative Thy-
moglobulin dose >6 mg/kg and developed
DGF had a 2-yrs survival rate <50%. Giessing et
Variable Recipients 






Acute rejections during first year
after Tx, no. (%)
Treated rejections
























CMV infection, no. (%) 20 (50.0%) 89 (43.4%) 0.443















Malignancy 0 (0.0%) 1 (0.5%) 0.658
PTLD 0 (0.0%) 1 (0.5%) 0.658
PTLD=posttransplant lymphoproliferative disorder, CMV= cytomegalovirus
TABLE 3:
Complications
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al. [7] compared 26 ESP patients with 30 ETKAS
patients (controls; mean recipients age
62.6±2.3; mean donor age 43.8±15.3 yrs) and
found no difference in the 3-yrs graft survival
(86 vs 87%) but a difference in the patient sur-
vival (55 vs 81%, p=ns) in favour of the control
group. Bentas et al. [5] compared 73 ESP pa-
tients with 51 ETKAS patients (mean recipients
age 63.6±2.6; mean donor age 49.7±12.7 yrs).
The 5-yrs patient (73 vs 83%) and death cen-
sored graft survival (63 vs 79%) were not signif-
icantly different. The majority (95%) of all de-
ceased patients died with a functioning graft.
The ETKAS groups [5, 7] are similar to the old
age group in this analysis, but not comparable
with respect to treatment and duration of ob-
servation. Roodnat at al. [19] concluded that
with the prospect for improved outcomes, the
effect of recipient and donor age has become a
less restrictive factor for renal graft recipients
or donors. Following Eurotransplant’s imple-
mentation of the ESP in 1999, Cohen et al. [20]
described a 3-yrs graft survival of 64% in the
ESP group (n=876) and of 67% in the control
group (n=345). An optimal immunosuppres-
sive regimen becomes more important in im-
proving graft survival in older recipients. In this
analysis, for the first time we could show the
long-term results of recipients aged 60 yrs and
above who received a single high dose ATG-F
induction. The outcomes are comparable with
the results in a younger population with the
same induction strategy. This result is of rele-
vance as older individuals are more likely to
have co-morbidities and thus worse prognosis.
Optimal care of these recipients requires tai-
lored decisions about transplant immunosup-
pressants because older kidney graft recipients
are prone to experience more medication side
effects, higher rates of infections, cancer, ad-
verse events and a higher mortality [21-24].
Therefore due to the intrinsic nephrotoxic ef-
fect of CsA the initial CsA target level was tar-
geted to be relatively low (100 ng/ml) in the
first post-transplant week in this protocol. In
spite of the same initial CsA dose a significant-
ly higher CyA blood level in older patients than
in younger recipients (median: 211 vs 141
ng/ml, p=0.001) has been observed and it was
higher than anticipated. This indicates that 
older recipients may require initially lower CsA
doses than younger recipients in order to
achieve comparable target levels. Falck et al.
[25] reported a similar observation and rea-
soned it with a lower clearance of CsA in older
patients. Only after a strong reduction of the
daily CsA dose in our older recipients (from av-
erage 426 to 345 mg/d) comparable CsA levels
were measured in the third post-operative
week.
Conclusion  
Our data clearly show the efficacy and safety of
the intra-operative high-dose induction with
ATG-Fresenius in combination with an initially
reduced cyclosporine dosage in older kidney
graft recipients. This type of induction in com-
bination with a standard triple drug therapy
consisting of CNIs, an anti-proliferative agent
and steroids can be recommended also for kid-
ney graft recipients, including those over 60 yrs
old.
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Age, years First week
valid  n dose (mg) level
(ng/ml)
p value3
doses levels weekly1 daily2
10-70 (total) 510 491 2995 420 162
20-40 203 195 2900 414* 141
0.001
≥ 60 40 37 2950 426* 211
Second week
10-70 (total) 496 472 2805 414 197
20-40 200 186 2869 422** 187
<0.001
≥ 60 39 37 2625 400** 267
Third week
10-70 (total) 448 381 2385 382 217
20-40 181 149 2400 400*** 212
0.03
≥ 60 36 31 2263 345*** 227
*: p=0.160, **: p=0.046, ***: p=0.001, weekly1=cumulative weekly dose, daily2 =average daily dose, p value3: t-test (to
compare the levels of 20-40 vs ≥ 60 years)
TABLE 4:
Cyclosporine A blood lev-
els (median) in different
age groups of kidney graft
recipients (immunosup-
pression: cyclosporine A +
azathioprine + steroids +
9mg/kg ATG-Fresenius in-
traoperatively)
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